The present study aimed to evaluate the correlation of integrin alpha 7 (ITGA7) with patients' clinicopathological characteristics and survival profiles, as well as its influence on cell proliferation, apoptosis, and stemness in non-small-cell lung cancer (NSCLC).
| INTRODUC TI ON
Lung cancer is the most commonly diagnosed cancer as well as the leading cause of cancer-related death in China with approximately 85% being non-small-cell lung cancer (NSCLC). 1 The majority of NSCLC patients are diagnosed with advanced or metastatic disease, and chemotherapy is the main therapeutic approach for them. 1 During the past two decades, therapeutic advances have evolved from cytotoxic drugs to more sophisticated therapies including targeted therapies that are better tolerated and have led to improved survival in selected NSCLC patients. 2 However, there are about 80% of patients who are not eligible for current targeted therapy, and challenges remain in the low overall cure and survival rates of NSCLC. 3 Therefore, efforts are still needed in identifying novel treatment targets that benefit wider population, overcoming the drug resistance and recurrence, and seeking better predictors for prognosis.
Integrins, comprising of 18α and 8β subunits, are a family of heterodimeric adhesion receptors that bind multiple components of extracellular matrix and consequently organize the cytoskeleton and activate intracellular signaling. 4 In tumor biology, integrins are implicated in tumor cell migration, invasion, and proliferation accounting for their interaction with extracellular matrix as well as in tumor microenvironment by mediating angiogenesis, lymphangiogenesis, desmoplasia, and inflammation in endothelial cells, perivascular cells, fibroblasts, and inflammatory cells. [5] [6] [7] Recent evidences have also revealed the role of integrins on driving stem cells functions including tumor initiation, metastatic reactivation, resistance to oncogene, and immune-targeted therapies. 5 Integrin alpha 7 (ITGA7) binds in conjunction with integrin beta 1 subunit and acts as receptor for the extracellular matrix protein laminin. 8 The oncogenic function and role in the regulation of stem cell-like properties of ITGA7 have been revealed in several cancers including glioblastoma and esophageal squamous cell carcinoma. 8, 9 Whereas in NSCLC, the role of ITGA7 remains to be discerned. In the present study, we measured the expression of tumor tissue ITGA7 in NSCLC patients and evaluated its correlation with patients' clinicopathological characteristics and survival profiles, as well as its influence on NSCLC cell proliferation, apoptosis, and stemness.
| ME THODS

| Patients
From January 2012 to December 2013, 397 NSCLC patients treated with surgical resection at our hospital were included in this study. the Institutional Review Board of our Hospital, and the written-informed consents or verbal agreements (with tape recording) were collected from patients or their guardians.
| Data collection
Patients' clinical data were extracted from electronic database of our hospital, which included age, gender, tumor size, lymph node metastasis, TNM stage, pathological differentiation, and adjuvant treatments. The adjuvant treatments after resection were per- were censored on the date were last known to be alive.
| Immunohistochemistry for ITGA7
The tumor tissues and paired adjacent tissues were removed by surgery, then were fixed in 10% neutral buffered formalin and embedded in paraffin wax. After approval by our hospital, the paraffin-embedded and formalin-fixed tissues were collected from sample storage room.
Tissues were cut into 4 µm sections, then were deparaffinized by xylene, and rehydrated by graded ethanol, followed by antigen retrieval using microwave heating. After that, the sections were incubated with H 2 O 2 to block endogenous peroxidase activity, then were incubated with 0.025% Triton X-100 (Sigma-Aldrich), followed by 10% normal goat serum (Sigma-Aldrich) to prevent nonspecific binding. Subsequently, the sections were incubated overnight at 4°C with primary antibody of 
| Assessment of ITGA7 expression
A semi-quantitative scoring method was used to assess the expression of ITGA7 in the tumor and paired adjacent tissues according to IHC staining, which was based on the average intensity and percentage of positively stained tumor cells. 11 The intensity of positively stained tumor cells was scored as follows: 0 (no staining), 1 (weak staining), 2 (moderate staining), and 3 (strong staining), and the percentage of positively stained tumor cells was scored as 0, 0%; 1, <25%; 2, 26 ~ 50%; 3, 51 ~ 75%; 4, >75%. The final IHC score was calculated by multiplying of staining intensity score and the proportion score. High expression of ITGA7 was defined as the total IHC score > 3, and the low expression of ITGA7 was defined as the total IHC score ≤ 3.
| Cell culture
Human NSCLC cell lines including NCI-H358, NCI-H1650, A549, HCC-827, and NCI-H1299 were obtained from Cell Bank of the in a humidified atmosphere of 95% air and 5% CO 2 at 37˚C.
| Determination of ITGA7 expression in cell lines
The mRNA and protein expressions of ITGA7 in NSCLC cell lines were determined by real-time quantitative polymerase chain reaction (RT-qPCR) and Western blot. Normal human lung epithelial cell line BEAS-2B was used as control.
| Transfection and detection
The overexpression plasmids and knockdown plasmids of ITGA7 were constructed by Shanghai Qeejen Bio-Tech Co., Ltd (Shanghai Qeejen Bio-Tech Co., Ltd) with pEX-2 vector (NTCC) or pGPH1 (NTCC) vector, respectively. PEX-2 vector and pGPH1 vector cloned with nonsense DNA fragment were also constructed as overexpression control plasmid and knockdown control plasmid. After construction, ITGA7 overexpression plasmid, overexpression control plasmid, ITGA7 knockdown plasmid, and knockdown control plasmid were transfected into A549 cells with the use of HilyMax (Dojindo), respectively. A549 cells transfected with overexpression control plasmid were named as NC-over group; A549 cells transfected with ITGA7 overexpression plasmid were named as ITGA7-over group;
A549 cells transfected with knockdown control plasmid were named as NC-knock group; and A549 cells transfected with ITGA7 knockdown plasmid were named as ITGA7-knock group, respectively.
After transfection, the expressions of ITGA7 mRNA and protein in A549 cells of each group were detected by qPCR and Western blot at 24 hours. Cell proliferation detection was performed with Cell 
| Real-time quantitative polymerase chain reaction
Total RNA was extracted using RNeasy Protect Mini Kit (Qiagen), followed by quality control with gel electrophoresis, and cDNA was reversely transcribed using RT-PCR Quick Master Mix (Toyobo). ACGCCTGCTTCACCACCTT. 
| Western blot
| Cell counting kit-8 assay
A total of 10 μL CCK-8 reagent (Dojindo) and 90 μL RPMI 1640 medium were added into the 96-well plate, which was previous planted with A549 cells and incubated at 37°C under 95% air and 5% CO 2 .
Then, cell proliferation ability was evaluated by the optical density (OD) value under ELx800 microplate reader (BioTek).
| AV/PI assay
At 48 hours after transfection, cells were collected and suspended in phosphate buffer saline (PBS) (Sigma), then 5 μL AV and 10 μL PI (R&D) were added to the cell suspension and incubated for 15 minutes followed by the flow cytometry using BD FACS Canto II (BD). Flowjo Software 7.6 (FlowJo-LLC) was used for data analysis.
| CD44 + CD133 + cell proportion detection
The percentage of CD44 + CD133 + cells at 48 hours after transfec- 
| Statistical analysis
| RE SULTS
| Baseline characteristics
The mean age of total NSCLC patient was 62.0 ± 10. 7 
| Expression of ITGA7 in tumor tissues and adjacent tissues
Examples about the expression of ITGA7 in tumor tissues and adjacent tissues were shown ( Figure 1A ). There were 56.2% of patients whose tumor tissues presented ITGA7 high expression, and 43.8%
of patients whose tumor tissues presented ITGA7 low expression.
Regarding adjacent tissues, 34.8% of patients' adjacent tissues were with ITGA7 high expression and 65.2% of patients' adjacent tissues were with ITGA7 low expression ( Figure 1B) . Further analysis illustrated that ITGA7 was upregulated in tumor tissues compared with the adjacent tissues in NSCLC patients (P < 0.001).
| Correlation of ITGA7 with clinicopathological characteristics
Total NSCLC patients were divided into ITGA7 low expression (N = 174) and ITGA7 high expression (N = 223) patients according to the cutoff value of IHC score ( 
| Correlation of ITGA7 with survival profiles
The DFS was lower in ITGA7 high expression patients compared with ITGA7 low expression patients (P < 0.001; Figure 2A ). And OS was also decreased in ITGA7 high expression patients compared with ITGA7 low expression patients (P = 0.002; Figure 2B ).
| Expression of ITGA7 in NSCLC cell lines
The relative mRNA expression of ITGA7 was increased in NCI-H1650
(P < 0.001), A549 (P < 0.001), HCC-827 (P < 0.05), and NCI-H1299
(P < 0.01) cell lines but similar in NCI-H358 cell line compared with human normal lung epithelial cell line BEAS-2B (P > 0.05; Figure 3A ).
In addition, the protein expression of ITGA7 was increased in NCI-H1650, A549, HCC-827, and NCI-H1299 cell lines but similar in NCI-H358 cells compared with BEAS-2B cells as well ( Figure 3B ).
| The effect of ITGA7 on cell proliferation, apoptosis, and stemness in A549 cells
The relative mRNA expression as well as protein expression of ITGA7 were increased by ITGA7 overexpression while decreased by ITGA7 knockout (both P < 0.001), indicating successful transfections ( Figure 4A, 4B) . Cell proliferation was promoted by ITGA7 overexpression while suppressed by ITGA7 knockout at 48 hours (P < 0.05) and 72 hours (P < 0.01) after transfection ( Figure 4C ). Cell apoptosis was reduced by ITGA7 overexpression and enhanced by ITGA7 knockout at 48 hours after transfection (all P > 0.05; Figure 4D, 4E ).
In addition, the percentage of CD44 + CD133 + cells was raised by ITGA7 overexpression (P < 0.01) but reduced by ITGA7 knockout (P < 0.05) at 48 hours after transfection ( Figure 4F, 4G ). Integrins are adhesion receptors that not only connect cells to the extracellular matrix or counter receptors on other cells, but also modulate the downstream signaling transduction that are responsible for tumor formation and progression. [12] [13] [14] [15] As for ITGA7, its implication in cancers varies from malignancy types.
| D ISCUSS I ON
For example, ITGA7 is previously shown to act as tumor suppressor in prostate cancer, mesothelioma, melanoma, and leiomyosarcoma through preventing cell proliferation and inducing cell death. [16] [17] [18] [19] In the contrast, ITGA7 promotes growth and invasiveness of glioblastoma stem-like cells, and inhibition of ITGA7 leads to tumor engraftment of glioblastoma; it correlates with poor differentiation and lymph node metastasis in esophageal squamous cell carcinoma patients. 8, 20 In addition, activation of ITGA7
is correlated with metastasis, recurrence, and reduced survival in colorectal cancer patients. 21 Although the function of ITGA7 is still unclear in NSCLC, there has been study illustrating that the activation of integrin beta 1 (ITGB1), with whom ITGA7 binds and forms a heterodimeric adhesion receptor, and its downstream signaling molecules FAK and ERK promote resistance to apoptosis, enhance cell migration, and invasion of lung cancer cells. 22 In addition, the FAK/AKT singling pathway, which is activated by ITGA7
is responsible for lung cancer cell migration and invasion as well. 9
These suggest the potential tumor promotive role of ITGA7 in lung cancer. And in the present work, we discovered that ITGA7
was upregulated in NSCLC tumor tissues compared with adjacent tissues and was correlated with poor pathological differentiation, stem-like cells and inhibiting of ITGA7 results in delay in cell invasion. 8 Additionally, ITGA7 drives resistance to rapamycin (mTOR) inhibitor temsirolimus in metastatic renal cell carcinoma cells. 23 These in vitro studies illuminate the cellular function of ITGA7 in several cancers, while the effect of ITGA7 on cell activity in NSCLC remains to be explored. In our cellular experiments, we found that ITGA7 promoted cell proliferation, inhibited cell apoptosis, and increased the percentage of CD44 + CD133 + cells. And here are several possible reasons for that. ITGA7 may activate the mitotic cycle, enhance the adhesion and motility of cancer cells, thereby promotes proliferation in NSCLC cells. It is also shown to induce AKT phosphorylation and protect the mitochondria from collapse, hence stops cytochrome c release to the cytoplasm and caspase-9, caspase-3, and PARP cleavage, which explains why ITGA7 suppresses cell apoptosis.
Additionally, ITGA7 increases the percentage of CD44 + CD133 + cells, and this may be due to that ITGA7 activates stemness properties via FAK/MAPK/ERK signaling pathway, hence raises the percentage of CD44 + CD133 + cells. 24, 25 However, this needs further validation in NSCLC cell lines. 24, 25 The in vitro data implied the oncogenic role of ITGA7 in NSCLC cells and supported our clinical findings in NSCLC patients.
In conclusion, ITGA7 correlates with poor pathological differentiation, large tumor size, advanced TNM stage, and unfavorable survival profiles, and it promotes cell proliferation, stemness, but suppresses cell apoptosis in NSCLC.
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